The role of the hippocampus in associative learning was investigated in 3 experiments with rats as subjects. Hippocampal rats were impaired in the acquisition of conditioned responding both when food was signaled by the insertion of a lever (Experiment 1) and when the presentation of auditory or visual events served as the conditioned stimuli (Experiment 2). Experiment 2 also evaluated the suggestion that deficits in the acquisition of conditioned responding reflect the failure of hippocampal subjects to use contextual cues to retrieve associative information. This experiment showed that hippocampal rats were impaired in learning that a given stimulus was reinforced in Context A but nonreinforced in Context B. Experiment 3 demonstrated that hippocampal rats were unimpaired in learning a simple Pavlovian contextual discrimination. This pattern of results suggests that the hippocampus is involved in a higher order contextual retrieval process.
The role of the hippocampus in associative learning was investigated in 3 experiments with rats as subjects. Hippocampal rats were impaired in the acquisition of conditioned responding both when food was signaled by the insertion of a lever (Experiment 1) and when the presentation of auditory or visual events served as the conditioned stimuli (Experiment 2). Experiment 2 also evaluated the suggestion that deficits in the acquisition of conditioned responding reflect the failure of hippocampal subjects to use contextual cues to retrieve associative information. This experiment showed that hippocampal rats were impaired in learning that a given stimulus was reinforced in Context A but nonreinforced in Context B. Experiment 3 demonstrated that hippocampal rats were unimpaired in learning a simple Pavlovian contextual discrimination. This pattern of results suggests that the hippocampus is involved in a higher order contextual retrieval process.
The hippocampus has been linked with the operation of a variety of mnemonic processes (for a review see Schmajuk, 1984) . For example, it has been argued that the hippocampus plays a critical role in contextual retrieval--the "retrieval of an item of stored information initiated by a [contextual] cue which refers to but is not necessarily described within the information that is retrieved" (Hirsh, 1974, p. 422) . One clear prediction that follows from Hirsh's (1974) account is that damage to the hippocampus should disrupt performance on tasks in which the relevant information is retrieved by contextual cues. The aim of the present series of experiments was to investigate this prediction.
A simple task in which contextual retrieval exerts a potent influence is Pavlovian conditioning. Thus, Hall and Honey (1989) have demonstrated that appetitively conditioned responding is more vigorous when the contextual cues that were present during training are also present at test (see also Bonardi, Honey, & Hall, 1990; Honey, Willis, & Hall, 1990) . More specifically, subjects that were given conditioning trials in one distinctive context (A) and tested in another context (B) were less likely to respond than those that were trained and tested in Context A. This fact, that conditioning is context specific, has been taken to show that contextual cues facilitate the retrieval of associative information. Although a consensus has yet to be reached regarding the precise mechanism that underlies such contextual retrieval, one prevalent view is that contextual cues have their effect by modulating the association between the target events (e.g., see Bouton & Swartzentruber, 1986; Hall & Honey, 1989 ; see also Holland, 1983) . Contextual retrieval reflects neither the context directly activating a representation of the conditioned stimulus (CS) nor the unconditioned stimulus (US); rather it is supposed that the context acts on the CS-US association itself. This view of contextual retrieval is clearly compatible with that expressed by Hirsh (1974) .
On the basis of the suggestion that the hippocampus plays an important role in contextual retrieval, it seems that we should expect hippocampal damage to disrupt Pavlovian conditioning--without the use of contextual cues to retrieve associative knowledge, hippocampal subjects should exhibit a diminished conditioned response (CR). There is good evidence, however, that hippocampal lesions have no effect on the acquisition of conditioned responding. For example, Solomon (1977) demonstrated that the acquisition of the rabbit eyeblink CR was not influenced by hippocampal damage. Similarly, Rickert, Bennett, Lane, and French (1978; see also Rickert, Lordon, Dawson, Smyly, & Callahan, 1979) showed that the acquisition of the conditioned emotional response (CER) in rats proceeds normally in hippocampal rats. These latter findings might lead to the conclusion that the hippocampus does not influence associative learning and, by implication, that the hippocampus is not involved in contextual retrieval.
There are two reasons, however, that indicate that these conclusions might be premature. First, there is evidence that different forms of conditioned responding are not equally dependent on contextual retrieval. For example, appetitive conditioning in rats (Hall & Honey, 1989, Experiments 2 & 4) and autoshaped responding in pigeons show context specificity, whereas CER conditioning in rats can transfer without loss from one context to another , Experiment 3; for further discussion of this issue see . It is possible, therefore, that the conditioning procedures that have failed to reveal any effect of hippocampat damage may have been those in which conditioned responding would not have showed context specificity in control subjects. Second, there is some evidence that indicates that damage to the hippocampus can disrupt performance in at least one Pavlovian conditioning procedure (Reilly & Good, 1989; see also POrt, Mikhail, &Pat-terson, 1985; Port & Patterson, 1984) . In Reilly and Good (1989) , pigeons received trials in which the illumination of a response key (the CS) preceded the delivery of food (the US). This autoshaping procedure (Brown & Jenkins, 1968) ordinarily results in the development of the CR of pecking an illuminated response key. The fact that hippocampal pigeons showed a deficit in the acquisition of autoshaped responding lends support, albeit indirectly, to the argument that hippocampal damage will disrupt Pavlovian conditioning when the procedures used are similar to those in which it has been established that conditioning shows context specificity (cf. Honey et al,, 1990 ).
The results reported by Reilly and Good (1989) encouraged us, as a first step, to look for a similar deficit in the acquisition of conditioned responding in rats. Thus, Experiment 1 examined the performance of hippocampal rats in a mammalian analogue of the pigeon autoshaping procedure. Experiment 2 attempted to secure direct support for the suggestion that hippocampal lesions disrupt the development of conditioned responding under circumstances in which it has been established that conditioning is context specific (cf. Hall & Honey, 1989, Experiment 4) . Subsequent stages of Experiment 2 directly assessed the extent to which context specificity of conditioning occurs in hippocampal rats. For example, subjects received training in which Stimulus X was reinforced when it was presented in Context A but was nonreinforced in Context B. If hippocampal rats are unable to use contextual cues to retrieve associative knowledge, then they should be impaired in learning this contextual conditional discrimination. Finally, Experiment 3 examined the ability of hippocampal subjects to learn a simple Pavlovian contextual discrimination in which food pellets were delivered in one context hut not another. If the effect of hippocampal lesions is specific to the use of contextual cues in a conditional fashion, then the acquisition of this simple Pavlovian discrimination should not be influenced by hippocampal damage.
Experiment 1
The experimental procedure (used with rats) that most closely resembles the pigeon autoshaping paradigm is that developed by Peterson, Ackil, Frommer, and Hearst (1972;  see also Davey & Cleland, 1982) . In this procedure, the US (food) is signaled by the insertion of a lever into the conditioning chamber, and as with pigeon autoshaping, the CR usually takes the form of consummatorylike behaviors directed toward the signal. Thus, rats will come to bite, paw, and generally manipulate a lever that has predicted the occurrence of food (Davey & Cleland, 1982) . Experiment 1 made use of this procedure to determine whether hippocampal damage in rats can influence the acquisition of conditioned responding in a Pavlovian conditioning procedure. A second group of subjects was included to assess any nonspecific effects of surgery on performance. Subjects in this group received the same surgical procedures as the hippocampal subjects with the exception that only the cortical region immediately above the hippocampus was damaged. On the basis of the results reported by Reilly and Good (1989) , we anticipated that only subjects with hippocampal lesions would be impaired in the acquisition of autoshaped responding.
Method Subjects
The subjects were 21 adult male hooded (Lister) rats that were approximately 10 weeks old at the start of the experiment and had a mean free-feeding body weight of 353 g (range = 325-390 g). The subjects were housed in pairs with continuous access to water. They were maintained at 80% of their free-feeding body weights throughout the experiment.
Surgery and Histology
The rats were randomly assigned to hippocarnpal, neocortical, or unoperated control conditions. Operated subjects were first anesthetized with a combination of diluted Hypnorm (fentanyl citrate [0.315 mg/ml] and fluanisone [10 mg/ml]) and Hypnovel (midazolam; 1:1, Hypnorm-Hypnovel:sterilized water) that was administered in a dose of 3.3 ml/kg and then placed in a stereotaxic instrument. The hippocampal lesions were made by passing a 2.5-mA current for 25 s through electrodes that were placed 2.25 mm and 3.00 mm anterior to bregma, 2.25 mm lateral to the midsagittal suture line, and 3.5 mm ventral to the dura mater. Neocortical lesions were made using exactly the same technique with the exception that the electrode was lowered 1.5 mm ventral to the dura. These lesions were made with stainless steel electrodes that were insulated except for 0.5 mm of the tip. Operated subjects were individually housed for a 10-day period after surgery at which point they were again housed in pairs.
Apparatus
Two identical Skinner boxes (Campden Instruments Ltd., London, United Kingdom) were used. Each box consisted of three aluminum walls, a ceiling of opaque plastic, and a transparent plastic door that served as the fourth wall of the chamber. The floor was constructed from stainless steel rods. One of the aluminum walls contained a recessed food tray into which 45-rag food pellets could be delivered. The entrance to this food tray was guarded by a transparent plastic flap (6 cm high, 5 cm wide) that was hinged along its uppermost edge to the top of the opening to the food tray. Pushing the flap inward from its vertical resting position permitted access to the food tray, and immediately after the subject's snout was removed from the food tray, the flap returned to its resting position. It was possible to automatically insert and retract a response lever (2.5 cm long, 2.8 cm wide, 0.75 cm thick) that was positioned to the left of the food tray and 5 cm above the grid floor. Vertical displacement of this lever was automatically recorded as a single response. Each of the boxes were dimly lit by a jewel light located on the wall above the food tray. A background noise level of 65 dB (A) was provided by a ventilation fan that was fitted into each sound-and light-attenuating chamber in which the boxes were housed.
Procedure
Pretraining. After a 2-week postoperative recovery period, all animals were trained to collect food pellets from the food tray for two sessions. On the first of these sessions, the translucent flap was fixed in an upright position that allowed free access to the food tray, and 30 food pellets were delivered on a 30-s variable-time (VT) schedule. The procedure was identical during the second session with the exception that the flap was placed in its vertical resting position. The subjects then received two 40-min sessions in which they were placed in the experimental chamber, but no food was delivered.
Conditioning. During the next six sessions, all subjects received conditioning trials in which the delivery of food was preceded by the insertion of the lever for 5 s. On presentation of the food pellet, the lever was retracted. There were 30 such trials in each of the sessions, and these trials were delivered on a 30-s VT schedule.
A pilot study revealed that the rate at which subjects moved the lever was extremely variable. This observation presumably reflected that individual differences in response topography (Davey & Cleland, 1982) were differentially effective in operating the lever. Therefore, we recorded the number of trials on which at least one response had occurred. This measure showed less variability from one subject to another.
Histology. After completion of training, hippocampal and neocortical subjects were sacrificed, and their brains were removed and placed in Bouins solution for 48 hr. Subsequently, the brains were dehydrated and embedded in paraffin wax. Serial coronal sections were then cut at 14 zm, and every 10th section was mounted and stained with cresyl fast violet for cell bodies and with luxol fast blue for myelinated fiber tracts or with solochrome cyanine by a modified Kluver and Barrera (1953) method. Reconstructions were made with the aid of a microscope and projection equipment onto standard drawings derived from the Pellegrino, Pellegrino, and Cushman (1967) atlas. Figure 3 presents the mean percentage of trials with a response over the six conditioning sessions. It is clear that all groups came to manipulate the lever over the course of training and that this CR was acquired less readily by hippocampal animals than by subjects in each of the control groups. Statistical analyses confirmed these impressions. An analysis of variance (ANOVA) with group and session as the factors revealed a significant main effect of group, F(2, 18) = 3.84, p < .05, a significant main effect of session, F(5, 90) .0 .
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Histology
Figure 1 presents coronal sections through the rat brain that show the minimum (solid) and maximum (hatched) extent of the lesion in the neocortical operated subjects. All subjects sustained damage to the cortex above the hippocampus, and in 1 subject (N5) the lesion extended into the dorsal hippocampus. This damage, however, was unilateral and minor in extent. Figure 2 shows the minimum (solid) and maximum (hatched) extent of the lesion in the hippocampal operated subjects. All subjects sustained damage to the dorsal hippocampal formation and overlying neocortex and corpus callosum. There was minor encroachment of the lesion into underlying hypothalamic structures in 4 animals (lateral nucleus, parafascicular nucleus, stria medullaris). However, damage to these nuclei was minimal and unilateral. Inspection of the extent of hypothalamic damage and performance scores revealed that there was no systematic relationship between the two. = 46.34, p < .01, and no interaction between these factors (F < 1). A Newman-Keuls test revealed that the hippocampal group differed from both control groups (ps < .05) and that the control groups did not differ from one another. Experiment 1 was designed to investigate in rats the effects ofhippocampal lesions on performance in an analogue of the pigeon autoshaping paradigm. The results show that hippocampal rats were retarded in the acquisition ofautoshaped responding (see also Reiily & Good, 1989) , and in so doing, these results provide support of the hypothesis that the hippocampus may play a role in the use of contextual cues to retrieve associative knowledge (Hirsh, 1974) . Thus, if hippocampal animals were unable to use contextual cues to retrieve CS-US information, then it follows that they should show a deficit in the development of conditioned responding. Experiment 2 attempted to secure more direct support for this hypothesis by examining two predictions that follow from it: First, under circumstances in which it has been established that conditioning shows context specificity (e.g., see Hall & Honey, 1989) , that hippocampal subjects should be retarded in the acquisition of conditioned responding; second, that conditioned responding exhibited by hippocampal animals should be less susceptible to the effects of a context change.
Experiment 2
The design of Experiment 2 is summarized in Table 1 . The first two stages of the experiment are modeled on those used by Hall and Honey (1989, Experiment 4) . Thus, all subjects first received appetitive conditioning trials with Stimulus X (e.g., a visual cue) presented in Context A and with Stimulus Y (an auditory cue) presented in a different context, B. The CR that develops using this procedure is approach to the food tray--a response that can be recorded automatically by counting movements of the flap that guards access to the food tray. We anticipated that hippocampal subjects would be slow to acquire the CR of approach. In the second phase of the study, Stimuli X and Y were presented in Contexts B and A, respectively, to determine the extent to which conditioned responding was context specific. On the basis of the results reported by Hall and Honey (1989) , the unoperated group should show a decrement in responding. If, however, hippocampal subjects are not using contextual cues to retrieve associative knowledge, then they should be less likely to be influenced by changing the contexts in which the CSs were presented. In the absence of control conditions that receive presentations of CSs in the contexts in which they had been trained, it would be premature to make conclusions based on the results of this stage in isolation. Therefore, a third stage was included in which subjects continued to receive nonreinforced "test" trials with Stimuli X and Y in Contexts B and A, respectively, but also received reinforced presentations of Stimulus X in Context A and of Stimulus Y in Context B. This procedure, known as "switching," has also been used to show that conditioning is context specific (see Preston, Dickinson, & Mackintosh, 1986) . It was anticipated that control subjects would respond more vigorously when Stimulus X was presented in Context A than when it was presented in Context B. On the other hand, if hippocampal subjects fail to use contextual cues to retrieve associative knowledge then responding to Stimulus X in Context A should more closely match the responding elicited by Stimulus X when it is presented in Context B.
Method Subjects, Surgery, and Histology
The subjects were 27 adult male hooded (Lister) rats with a mean free-feeding weight of 444 g (range = 385-490 g) and were maintained in the same way as the subjects in Experiment 1. Fourteen of the rats received bilateral electrolytic lesions of the hippocampus. The surgical and histological procedures were identical to those described for Experiment 1. The 13 remaining rats served as unoperated control subjects.
Apparatus
Two sets of four Skinner boxes (Campden Instrument Ltd.) were used that were identical in construction to those used in Experiment 1 with the following exceptions. Inward movements of the flap that guarded the entrance to the food tray actuated a microswitch, and each closing of the switch was recorded as a single response. Each box was brightly lit by a striplight that was placed above the translucent ceiling. The offset of this light for 30 s served as one CS. Speakers placed on the wall opposite the food tray were used to present the second CS, a 30-s presentation ofa 20-Hz train of clicks with an intensity of 82 dB (A).
The remaining modifications to the two sets of boxes were those and FD refers to the delivery of a food pellet.
required to produce two discriminable contexts. Thus, one set was housed in a large experimental room, and each box in this set was perfumed by the addition of a small amount of eucalyptus oil to the tray located below the grid floor. The other set was housed in a smaller room in a different part of the laboratory. The odor in these boxes was produced by adding isoamyl acetate to the tray below the floor. These boxes were also made visually distinctive by adding black and white checkered wallpaper to the wall that served as the door and the wall that was opposite this door.
Procedure
Subjects received two sessions of training each day, one in each context. The context experienced in the morning will be referred to as Context A and that experienced in the afternoon (some 4 hr later) as Context B. The stimuli presented in Contexts A and B will be called X and Y, respectively. The design was, however, counterbalanced so that half of the subjects in each group experienced a given pair of boxes as Context A, which the other half experienced as Context B. Similarly, for half of the subjects the visual cue served as Stimulus X and the auditory cue as Stimulus Y, and for the remainder, this arrangement was reversed. All sessions were 40 rain in duration.
Pretraining and conditioning. Subjects were initially trained to retrieve food pellets from the food tray. On the 1 st day of training, the flap was raised, and on the 2rid day, it was lowered in the same way as in Experiment i. Food pellets were delivered on a 60-s VT schedule during the 40-min sessions. On the next 2 days, subjects were simply placed in the conditioning chambers, and no food was delivered.
All animals were then given 8 days of training in which Stimulus X signaled the delivery of a single food pellet in Context A and Stimulus Y signaled food in Context B. There were three trials in each session; the first trial occurred 10 rain after the beginning of the session, and the interval between the onset of successive trials (the intertrial interval, ITI) was 10.5 min.
Testing. On the next day, all subjects received a test session in which they were given presentations of Stimulus X in Context B and Stimulus Y in Context A. The number of trials and their spacing was the same as during conditioning. No food pellets were presented during these sessions. On the next l0 days of training, subjects continued to receive three nonreinforced presentations of Stimulus X in Context B and three presentations of Stimulus Y in Context A but were also given three reinforced presentations of Stimulus X in Context A and three of Stimulus Y in Context B. The order in which these trials were presented was random with the constraint that no more than two trials of the same type occur in succession and that the sequence of trials be initiated on alternate days by a reinforced and a nonreinforced trial. The ITI was 5.5 min.
The response measured was flap movement. This response has been found to develop as a CR to diffuse CSs paired with food (Channell & Hall, 1983) . In Experiment 2, unlike in Experiment 1, subjects were able to respond during the ITI. To reduce individual variability in response rate during the CSs, we used an elevation ratio that took the form: response rate in the presence of the target events divided by the response rate in the remainder of the daily sessions (see also Hall & Honey, 1989) .
Histology. After completion of the final part of this study (Experiment 3), hippocampal subjects were sacrificed, prepared, and analyzed in the same way as described in Experiment 1. Figure 4 presents coronal sections through the rat brain that show the minimum (solid) and maximum (hatched) extent of the lesion in the hippocampal-operated subjects. All subjects sustained damage to the dorsal hippocampus and overlying neocortex and corpus callosum. There was minor encroachment of the lesion into underlying hypothalamic nuclei in 5 animals (lateral nuclei, parafascicular nucleus, stria medullaris, medial habenular), although in the majority of these animals the intrusion was unilateral and not extensive. Inspection of the extent of extrahippocampal damage and the performance scores revealed no systematic relationship between these factors.
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Conditioning. Inspection of the scores revealed no systematic differences based on the particular stimuli assigned as X and Y and no differences dependent on the contexts that were designated as A and B. Accordingly, the data were pooled across stimulus type and context type for the purpose of statistical analysis. suggests that the level of responding during stimulus presentations increased over the course of training. However, the hippocampal subjects responded at a much lower rate than control subjects. These impressions were supported by statistical analyses. An ANOVA revealed a significant main effect of block, F(3, 75) = 24.79, p < .001, a main effect of group, F(1, 25) = 4.88, p < .05, and a nonsignificant interaction between these two factors, F(3, 75) = 1.85, p > .10. The rates of responding during the ITI, with means of 2.25 responses per minute (rpm) for the control animals and 1.86 rpm for the hippocampal subjects, did not differ significantly (F< 1).
Testing. Table 2 presents the final block of training and the mean elevation ratio shown by the two groups during the test. It appears that control subjects were less likely to respond during the test than they were at the end of training. In contrast, hippocampal subjects tended to respond at, if anything, a slightly higher rate during the test phase than on Note. The scores are mean elevation ratios for the last block of conditioning trials and the single test day.
the last block of training. This impression was largely confirmed by statistical analyses. An ANOVA revealed no effect of group or block (Fs < 1), but there was an interaction between these two factors, F(1, 25) = 3.42, .05 < p < .08, that just fell short of the conventional level of statistical significance. The rates of responding in the ITI during this test, with means of 0.92 rpm for the control subjects and 1.04 for the hippocampal subjects, did not differ significantly (F< 1). Figure 6 shows the performance of the groups during the final stage, Stage 3, of the study. In this stage, Stimulus X was reinforced when it was presented in Context A and nonreinforced in Context B, and Stimulus Y was reinforced in Context B and nonreinforced in Context A. The scores depicted represent responding during X and Y when they were reinforced (S+) and the level of responding elicited by the nonreinforced presentations of the stimuli (S-). It is clear that control subjects showed contextual control of responding virtually from the outset of Stage 3 and that this control became increasingly marked as training progressed. The hippocampal subjects, however, only showed such control with more extensive training and failed to reach the proficient performance of the control subjects. This description of the result was confirmed by statistical analyses. An ANOVA revealed significant effects of group, F(1, 25) = 9.37, p < .01, trial type (S+ or S-), F(1, 25) = 58.88, p < .01, and an interaction between these factors, F(1, 25) = 12.67, p < .01.
There was a significant effect of session, F(9, 25) = 2.50, p < .01, but no interaction between group and session (F < 1). There was, however, an interaction between session and trial type, F(9, 225) = 8.79, p < .01, and a three-way interaction between the factors, F(9, 225) = 2.16, p < .05. To clarify interpretation of this interaction, another analysis was performed. Thus, difference scores were calculated for each subject that took the form: elevation ratio in the presence of S+ trials minus the elevation ratio in the presence of Strials. An ANOVA conducted on these scores revealed an effect of group, F(1, 25) = 12.67, p < .01, an effect of session, F(9, 225) = 8.79, p < .01, and an interaction between these two factors, F(9, 225) = 2.16, p < .05. An analysis of simple main effects showed that the groups differed on Session 6 and on Sessions 8-10 (ps < .01).
The mean rates of responding during the ITI during the final phase of the experiment were 1.18 rpm for the control subjects and 1.29 for the hippocampal subjects. An analysis of individual scores on which these means were based revealed that there was no group difference in background rates of responding (F < 1).
Discussion
The results of Experiment 2 are important in three respects. First, they replicate the results of Experiment 1 in finding that hippocampal rats show a deficit in the acquisition of appetitively conditioned responding. Second, they do so in a procedure in which it has been established that conditioned responding is context specific. Third, they supply a potential mechanism for this deficit. Thus, conditioned responding was also less likely to come under the control of contextual cues in hippocampal rats than it was in control subjects. To be more specific, in control subjects conditioned responding established to Stimulus X in Context A was less likely to be exhibited elsewhere (Context B), but this form of contextual control was less evident in hippocampal subjects. It seems plausible then to attribute the deficit observed in the acquisition of conditioned responding to a failure on the part of hippocampal subjects to use contextual cues to retrieve associative information. But before we go on to consider this suggestion in more detail, we consider an alternative account of the present results.
It seemed possible that rather than influencing subjects' ability to use contextual cues to retrieve associative information, hippocampal lesions might have had their effect by less specific means. For example, hippocampal lesions may influence the subjects' ability to process, discriminate between, or to learn (anything) about contextual cues. One implication that follows from the latter possibility is that hippocampal subjects should be impaired on any task in which they are required to learn about contextual cues and not only those in which such cues might operate in a conditional way. Experiment 3 assessed this prediction.
Experiment 3
The design of Experiment 3 was simple. On each day of the study, the subjects received two sessions, one in Context A and the other in Context B. In one context, food pellets were delivered, and in the other, no food was presented. Using this procedure we supposed that, to the extent that the contingencies that we have arranged between contexts and the presence or absence of food are detected, subjects should approach the site of delivery more in the reinforced context than in the nonreinforced context. Of particular interest, however, was the extent to which hippocampal subjects can learn this contextual discrimination. If hippocampal lesions have a general effect on the processing of contextual cues, then hippocampal subjects should find this discrimination more difficult than control subjects. But, if the effect of hippocampal lesions is only to disrupt the use of contextual cues in some higher order retrieval capacity, as Hirsh (1974) has argued, then hippocampal subjects should be unimpaired in learning this simple contextual discrimination.
Method
The subjects and apparatus were those used in Experiment 2. On the 1 st day of the experiment, subjects received two 40-min sessions, one in Context A (in the morning) and one in Context B (some 4 br later). The number of flap movements was recorded during the first 5 rain of each of these sessions, and no food pellets were delivered in either context during this period. These scores were used to provide a baseline against which to assess the effects of the contingencies that were in force during the 1st day of the experiment. In the remainder of each session, food pellets were delivered on a 60-s VT schedule in one of the contexts (C+), and no food pellets were presented in the other context (C-). The 2nd day of the study, the test day, was identical to the 1st day. As in Experiment 2, the exact nature of the boxes that served as Contexts A or B was counterbalanced. In addition, whether subjects received food pellets in Context A or in Context B was also counterbalanced.
Results and Discussion
Analysis of the results of this experiment was conducted with the scores pooled across the contexts (A or B) that served as the reinforced and nonreinforced contexts, C+ and C-, respectively. The mean rates of responding during the first 5 min that control subjects were placed in the reinforced and nonreinforced contexts on the 1 st day of the experiment were 2.05 and 1.52, respectively. The comparable rates for the hippocampal subjects were 3.26 and 2.37. An ANOVA with group and context showed that there were no significant effects of group or context and that there was no interaction between these factors (Fs < 1). Figure 7 presents the rates of responding in the reinforced (C+) and nonreinforced contexts (C-) on the test day. It is clear that subjects responded at a higher rate in C+ than in C-and that the hippocampal and control subjects did not differ in this respect. An ANOVA confirmed that there was an effect of context, F(1, 25) = 7.40, p < .01, and that there was no effect of group and no interaction between these factors (Fs < 1).
The results of Experiment 3 are clearcut in their implications. They suggest that our hippocampal animals do not show some general deficit in processing, discriminating, or learning about contextual cues. Accordingly, they imply that lqgure 7. Experiment 3: Group mean response rate for hippocampal and control subjects in a context in which food pellets had been delivered (C+) and in a context in which no food had been delivered (c-).
we should look elsewhere for an explanation for the results of Experiment 2.
General Discussion
The present series of experiments investigated the effects of hippocampal lesions on the acquisition of conditioned responding in rats. Experimems l and 2 showed that hippocampal lesions disrupt the acquisition ofappetitively conditioned responding. These findings are important in two respects. First, they provide additional support for the suggestion that the avian and mammalian hippocampus may share a functional homology (see also Good, 1987; Reilly & Good, 1987 . Second, they present difficulties for a number of theories of hippocampal function. For example, Pavlovian conditioning is perhaps the prototypic "reference memory" task--a task in which all aspects of the procedure remain constant across trials. Olton, Becker, and Handelman (1979) argued that such tasks are not influenced by hippocampal lesions and that only procedures that tap "working memory" will be disrupted by hippocampal damage. The results of Experiments 1 and 2, therefore, fall beyond the scope of the Olton et al. working memory account of hippocampal function. The spatial mapping theory of hippocampal function developed by O' Keefe and Nadel (1978) suggests that Pavlovian conditioning is a task that is subserved by an extrahippocampal taxon, or cue-based, learning system. O'Keefe and Nadel, therefore, also fail to anticipate the results of Experiments 1 and 2.
The results of Experiments 1 and 2 are, however, consistent with the account ofhippocampal function developed by Hirsh (1974) , which proposed that the hippocampus was an integral component of a contextual retrieval system. Once it is recognized that control subjects often use contextual cues to aid the retrieval of associative information (e.g., see Hall & Honey, 1989) , it follows from Hirsh's (1974) account that hippocampal lesions should disrupt performance in Pavlovian conditioning procedures in which conditioned responding is context specific. This suggestion receives direct support from the results of Experiment 2, which showed that hippocampal subjects were severely impaired on a task in which one context (A) signaled that Stimulus X would be reinforced and a different context (B) signaled that it would be nonreinforced. Hirsh's (1974) account, that the retrieval or conditional function of a context will be disrupted by hippocampal lesions, allowed that contextual cues could still become effective CSs. To this extent, the results of Experiment 3 are also consistent with Hirsh's (1974) theory. In Experiment 3, hippocampal lesions had no discernible effect on subjects' ability to learn a contextual discrimination in which food pellets were delivered in Context A but not in Context B.
Our discussion of the role of the hippocampus in mnemonic processes has focused on the retrieval function of the conditioning context; however, Hirsh (1980) applied his account to all situations in which one cue might furnish information about whether or not another cue would be reinforced. It is, therefore, interesting to note that Ross, Orr, Holland, and Berger (1984; see also Sutherland & Rudy, 1989 ; but see Jarrard & Davidson, 1990) showed that hippocampal animals are also impaired in learning a discrimination in which whether one cue was reinforced or nonreinforced was signaled by another discrete cue. These results are entirely consistent with Hirsh's (1974) account and with the results of Experiment 2. However, Sutherland and Rudy presented a rather different account of their results that can be applied to the results of the switching phase of Experiment 2. Thus, it is supposed for control subjects that when Stimulus X is presented in Context A, it gives rise to a different percept or configure (C 1) from that produced when Stimulus X occurs in Context B (C2; see Preston, Dickinson, & Mackintosh, 1986 ). This possibility reduces the problem that the animal faces in a switching study to a simple discrimination in which C1 is followed by reinforcement and C2 is nonreinforced. Sutherland and Rudy suggested that the hippocampus is responsible for such "configural" processing and that hippocampal damage will, therefore, disrupt performance in tasks that demand configural learning. Until there is direct evidence to choose between the retrieval and configural accounts of"conditional" learning, it remains possible that hippocampal damage has its effects by disrupting either of these putative mechanisms.
There are two issues that require some mention before we conclude the discussion of the present series of experiments. The first issue relates to a finding that was reported by Winocur and Olds (1978) . This study investigated the influence of a change of context on the retention of a visual discrimination in hippocampal rats. Winocur and Olds found that hippocampal subjects were more sensitive to the change of context than were control subjects. This finding is clearly inconsistent both with Hirsh's (1974) account of hippocampal function and with the results of Experiment 2. It must be acknowledged that there is no obvious way to reconcile our findings with those reported by Winocur and Olds. A first step in resolving the discrepancy, however, might be to attempt to replicate the results of Winocur and Olds using our contexts, stimuli, and general training regime. Of particular importance, however, might be the fact that in our experiments (unlike Winocur & Olds) subjects' familiarity with each of the contexts and the associative strengths of these contexts was equated at all points during the experiment.
The second issue also relates to findings that appear to be inconsistent with the present results. Thus, in contrast to the results of Experiments 1 and 2, there are some circumstances (as we have already noted) under which hippocampal lesions have no effect on the acquisition of conditioned responding (e.g., see Solomon, 1977) . However, there are good reasons why such findings might be anticipated on the basis of behavioral data that were mentioned in the introduction to this article. These experiments show that different forms of conditioned responding are not equally context specific (see Hall & Honey, 1989) . It is possible, therefore, that those circumstances under which hippocampal animals show normal rates of acquisition will prove to be those in which conditioning is not context specific in control subjects; similarly, under conditions in which conditioned responding has transferred from one context to another, hippocampal subjects should show normal rates of acquisition.
The just-mentioned comments are necessarily speculative. Nonetheless, there are three conclusions that can be made with greater confidence. First, that hippocampal lesions disrupt the acquisition of appetitive conditioning in both avian and mammalian subjects. Second, that hippocampal rats fail to use contextual cues to modulate appetitively conditioned responding. Third, that these deficits can profitably be viewed as suggesting that the hippocampus subserves a retrieval process in which one cue imparts information about the relationship between two other cues.
